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Description 

The present Invention relates to liquid crystal dis- 
play apparatus. 

Liquid crystal display apparatus is known in which 
an electronic pen input means is moved across the dis- 
play screen so as to enter data and also to alter the dis- 
play. This known apparatus is disadvantageous in that 
the data input and display drive means render the ap- 
paratus disadvantageous^ heavy, large and expensive. 
Another form of LCD apparatus is known from WO-A- 
89/09960 which is capable of displaying an image and 
allowing simultaneous writing of images into the display 
by means of an optical pen. However, this apparatus is 
complex requiring detection circuitry associated with 
each row and column of pixels in the display and com- 
plex driving means. 

It is an object of the invention to provide liquid crys- 
tal display apparatus that overcomes the above disad- 
vantages. 

According to the present invention there is provided 
a liquid crystal display apparatus comprising a plurality 
of pixels forming a display screen and means (D,BP) for 
selectively energizing said pixels so as to provide an im- 
age on said display, said means (D,BP) for energizing 
said pixels including a plurality of light sensitive means 
(D,BP) comprising photodiode means each associated 
with a respective pixel and arranged to bring about en- 
ergization of the respective pixel in response to incom- 
ing light and sensing means (SA,RS) for sensing an out- 
put from said light sensitive means (D, BP) so as to iden- 
tify which of said plurality of pixels is to be energized, 
characterized in that said photodiode means comprise 
diode means arranged to drive said display. 

Advantageously, the invention provides an LCD dis- 
play which accepts data, in addition to displaying data. 

In general, in a liquid crystal display, capacitors ap- 
ply electric fields across respective pixels in the liquid 
crystal. In one form of the invention, the switching ele- 
ments, such as diodes, which apply the charging cur- 
rents to the capacitors, perform an additional function. 
They act as photodiodes. They receive light applied by 
an external light pen. The light induces charging cur- 
rents into the capacitors. Sensing circuitry detects the 
charging currents, and stores data into video memory, 
which now indicates which pixels should be held dark. 
Thus, the light pen is able to "write" onto the display. 

The invention is described further hereinafter, by 
way of example only with reference to the accompany- 
ing drawings in which:- 

Fig. 1 illustrates the rod-like nature of the molecules 
in a liquid crystal; 

Fig. 2 illustrates how an applied electric field can re- 
orient the molecules of a liquid crystal; 
Fig. 3A illustrates a "twisted" liquid crystal cell; 
Fig. 3B illustrates how the molecules in a twisted- 
liquid crystal cell re-orient themselves in an electric 



field; 

Fig. 4 illustrates a single cell in a liquid crystal dis- 
play; 

Fig. 5 illustrates part of a matrix of liquid crystal 
s cells; 

Fig. 6 illustrates an apparatus for controlling the 
electric field applied to each cell in the matrix of Fig. 
5; 

Fig. 6A shows how the MOS transistors in Fig. 6 
apply charge to a capacitor whose plates 30 flank 
a liquid crystal cell; 

Fig. 7 illustrates another approach to applying 
charge to the capacitors; 

Figs. 8A to 8D illustrate one form of the invention; 
Fig. 9 illustrates a second form of the invention; and 
Fig. 10 illustrates an alternative embodiment. 

A liquid crystal display (LCD) includes a liquid crys- 
tal sandwiched between two transparent sheets. As 
shown in Fig. 1, the liquid crystal is composed of long, 
rod-like, polarized molecules. In the absence of an elec- 
tric field , the molecules tend to align themselves with 
each other, as in Fig. 2A. When a field is applied, which 
exceeds Eo, as indicated, the molecules, being electri- 
cally polarized, align themselves with the field, as in Fig. 
2B. When the field is increased, the molecules further 
align as in Fig. 2C. 

This tendency to align with an electric field can be 
used to modulate light, as will be explained by reference 
to Figs 3 and 4. Fig 3A shows a "twisted nematic cell." 
("Nemetic" is one type of liquid crystal. Two others are 
"cholesteric" and "smectic") The molecules can be di- 
vided into two types, namely, "body" molecules (ie, 
those located within the body of the liquid, away from 
the surface) and "surface" molecules (ie, those at the 
surface of the body and near the faces of the cell). 

The surface molecules are adjacent the faces of the 
cell, such as faces 3 and 6. These faces are specially 
treated, in a manner known in the art, in order to induce 
the surface molecules to align in specific directions. That 
is, in Fig. 3A, the treatment of face 3 induces the surface 
molecules 9 to align vertically. The treatment of face 6 
induces the surface molecules 12 to align horizontally. 

In the absence of an electric field (E = 0, as indicat- 
ed), all molecules (body and surface) tend to align with 
their neighbour molecules. However, because the sur- 
face molecules (at faces 3 and 6) already have an align- 
ment imposed by the treated faces, they induce the body 
molecules to align with them. Further, since the surface 
molecules at face 3 are perpendicular to those at face 
6, the body molecules must make the transition from 
vertical alignment (at face 3) to horizontal alignment (at 
face 6). They do this by forming the "twisted" arrange- 
ment shown. 

When an electronic field is applied which greatly ex- 
ceeds the critical field (ie, E » Eo, as indicated), the 
body molecules change alignment; they nowalign them- 
selves with the field instead of with the surface mole- 
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cules, as shown in Fig. 3B. 

The apparatus of Fig. 3 can be used to construct 
one type of LCD, namely, the "reflective" type, as shown 
in Fig. 4. Unpolarized incoming radiation, such as inte- 
rior room light, passes through a polarizing filter 1 5 and s 
becomes polarized. The direction of polarization is par- 
allel to the molecules at face 3 of the cell, and thus the 
polarized light is allowed to enter the cell. As the polar- 
ized light progresses through the cell, the direction of 
polarization gradually changes, following the direction 
of the "twisted" molecules. That is, the "twisted" mole- 
cules cause the polarization vector of the light to rotate 
as the light propagates through the cell. When the po- 
larized light reaches face 6, it has rotated ninety de- 
grees, and its polarization vector is now parallel with the 
molecules at the second face 6. The light exits the sec- 
ond face 6, passes through a second polarizing filter 1 8, 
perpendicular to the first, and is reflected by a mirror 21 . 

After reflection, the light retraces its steps. It again 
rotates ninety degrees as it passes through the cell, and 
exits through the first polarizing filter. Thus, ignoring at- 
tenuation occurring within the filters and the cell, the 
light appears to have been reflected by the mirror 21. 
The cell looks bright. 

If an electric field is applied to the cell, the molecules 
align as shown in Fig. 3B. The "twisting" disappears, re- 
moving the ninety-degree rotation of light within the cell. 
With the rotation absent, the second polarizing filter 18 
blocks transmission of the light, because the light reach- 
ing it has the wrong polarization for transmission 
through it. There is no reflection by the mirror 21, and 
the cell appears dark. 

Other types of LCD cells can use the preceding prin- 
ciples, but omit the mirror. These cells use a light source 
instead of ambient light. These types are called "back- 
lit." 

An actual LCD includes hundreds or thousands of 
such cells, arranged in a matrix array, as shown by the 
matrix in Figure 5. When a high voltage is applied to line 
24 and a low voltage is applied to line 27, an electric 
field, analogous to the field in Fig. 2, is placed across 
cell 21, and the cell behaves as indicated in Figure 3B. 
The electric field causes the cell to appear dark. 

One apparatus for applying the electric field is 
shown in Fig. 6. When a charge is applied to the gate of 
one (or more) MOS transistors, a current flows through 
the transistor and charges a capacitor, between whose 
plates 30 (shown in Fig. 6A) the liquid crystal lies. The 
charged plates apply an electric field to the liquid crystal. 
The charge on the gate will eventually dissipate, but re- 
freshing circuitry, known in the art, periodically replen- 
ishes the gate charge. A common refresh rate is in the 
range of 50 to 100 Hz. 

Another apparatus for applying the electric field is 
shown in Fig. 7. A pair of diodes in series, but oppositely 
poled, such as BD11, charges each capacitor, such as 
CP11. When line 34 is at a high voltage and line 36 is 
at a low voltage, diode BD11 becomes conducting and 



charges the capacitor CP11. 

(A pair of diodes is used, rather than a single diode, 
because the voltage on the capacitor must periodically 
be reversed in polarity. Otherwise, one plate of the ca- 
pacitor will always be charged from zero to a positive 
voltage, and tend to permanently align the negative 
ends of the molecules in a fixed direct ion. The molecules 
would thus acquire a "memory," which is undesirable. 
Periodic reversal of the polarity of the field prevents this 
permanent orientation, and the bi-lateral diodes allow 
the reversal.) 

Figs. 8A to 8D show one form of the invention. A 
glass sheet carries column address lines, which are 
controlled by column switches such as C1 , C2, and C3, 
and row address lines, which are controlled by row ad- 
dressing switches, such as R1 , R2, and R3. A photodi- 
ode, such as D11, D12, etc., connects between each 
row and column crossing. The glass sheet is placed in 
registration with an LCD, such that the photodiodes are 
in registration with the pixels of the LCD. 

In use, a control 45, known in the art, closes a single 
row switch, such as switch R1, thereby holding the first 
row line at a high voltage. Then the control pulls each 
column line to a low voltage, one-by-one, by successive- 
ly closing the column switches, beginning with C1. In 
this manner, the control successively applies a voltage 
across each diode in the row. That is, the control scans 
the diodes. 

During this scanning, the user positions a light pen 
44 at the location where the user wishes to draw a point. 
When the photodiode, such as D11, at that location is 
scanned by the control, the photodiode conducts, caus- 
ing a charging current I to flow, as in Fig. 8D, causing a 
voltage to appear across resistor R S1 . A differential am- 
plifier SA1 senses the voltage, and stores a ONE in the 
column register 47 in Fig. 8 for the column containing 
the diode. 

After all columns have been scanned in the present 
row 1, the column register now contains data which 
identifies all columns which have been illuminated by 
the light pen. This data is transferred to the video mem- 
ory, which illuminates (or darkens) the respective pixels 
in the row. Then, the column register is cleared, as 
known in the art, and the scanning process is repeated 
for the next row. That is, the control 45 opens R1 and 
closes R2, and all the columns are scanned, as above, 
to obtain the video data for row 2. This process is re- 
peated until all rows have been scanned. 

This scanning is done such that the entire matrix of 
diodes is scanned about every 10 or 20 milliseconds (ie, 
a rate of 50 to 100 Hz). This scanning rate is sufficiently 
fast that, if the user moves the light pen during scanning, 
the light pen will leave a trail of darkened pixels. That is, 
the video circuitry draws a visible line which follows the 
light pen. The system resembles a pen drawing on pa- 
per 

A more complex form of the invention is shown in 
Fig. 9. In this form, the diode matrix of the LCD itself, 
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such as that shown in Fig. 7 and discussed in the Back- 
ground, is used to accept the data from the light pen. 
For example, if the light pen is illuminating the bilateral 
diode BD11, the diode will conduct, charging the capac- 
itor CP11, and drawing a current through R S1 . A differ- 
ential amplifier senses the voltage across R S1 and loads 
a ONE into the column register for column 1. After the 
entire row is scanned, the data in the column register is 
transferred to the video memory, whereupon the pixel 
controlled by CP1 1 is darkened, as described in the sim- 
ple form of the invention. 

After the data is stored in video memory, the capac- 
itors must be refreshed, because they will dissipate their 
charge. Refreshing is done by applying a higher voltage 
across the series connection of CP11 and BD11, suffi- 
cient to drive BD11 into conduction for charging CP11. 
(Previously, the light pen drove BD11 into conduction.) 

Thus, in the second form of the invention, two types 
of scanning cycles for the diodes are undertaken. One 
cycle is the data acquisition cycle, wherein data is ac- 
quired from the light pen 44: each illuminated diode (eg, 
DB11) causes a signal to arise across the respective 
sense resistor (eg, R S1 ) and cause data to ultimately be 
loaded into video memory. 

The second cycle is the normal refresh cycle, which 
refreshes the pixels, based on the data in the video 
memory. During the second cycle, the voltage difference 
between the row and column lines is caused to be great- 
er than in the first, and, possibly, of opposite polarity, for 
reasons discussed above. 

Of course, as the following paragraph makes clear, 
it is not necessary that two distinct scanning steps be 
used; a single scanning step, which both refreshes and 
collects data from the light pen, can be used. 

Assume that a given pixel is to be held dark, accord- 
ing to the data in video memory. Thus, during refresh, 
the pixel's capacitor (eg, CP11 in Figs. 8 or 8A) is to be 
charged. The charging will cause a current through the 
capacitor's sense resistor (eg, RS1). The sense ampli- 
fier now believes that the light pen is calling for that pixel 
to be darkened, even though video memory, not the light 
pen, is calling for the darkening. 

This error is not significant, because it does not mat- 
ter whether the video memory or the light pen is request- 
ing a dark pixel. The video memory only makes such a 
request if the light pen previously requested the pixel to 
be dark. Either way, a ONE is held in the video memory 
for the pixel in question. 

It is noted that the sense resistors can be placed in 
the row lines, as is phantom resistor 49 in Fig. 9, instead 
of in the column lines. This type of connection can pro- 
vide better isolation from the capacitors. That is, it may 
not be desirable to have the resistors, such as R S1 , con- 
nected simultaneously to multiple capacitors, such as 
CP11andCP21. 

Figure 9 shows two diodes in each bilateral diode, 
such as BD11. In actuality, these diodes can take the 
form of a phototransistor having the base lead eliminat- 



ed. The emitter-base junction forms one diode, and the 
collector-base junction form the other diode. When light 
is applied to the base, it generates carriers, which act 
like a base current, and can drive the transistor into sat- 
s uration. 

If, as shown in Fig. 8, the pen-position-scanning- 
mechanism is located on a third sheet, a capacitor to be 
charged is not necessarily required. The photosensitive 
diode itself is sufficient. However, in this case, the row 

10 and column lines must be isolated from each other, at 
least at the crossing points. One way to isolate them, 
which is preferable from a manufacturing perspective, 
is shown in Fig. 10. The photosensitive diode D is locat- 
ed exactly at the crossing point of the ROW- and COL- 

1S UMN LINES, perpendicular to the ROW-and COLUMN 
lines (that is, perpendicular from the point of view of the 
current path). The diode acts as an insulator when non- 
actuated, and acts as a connector in the activated case. 
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Claims 



1. Liquid crystal display apparatus comprising a plu- 
rality of pixels forming a display screen and means 

25 (D,BP) for selectively energizing said pixels so as 
to provide an image on said display, said means (D, 
BP) for energizing said pixels including a plurality 
of light sensitive means (D,BP) comprising photo- 
diode means each associated with a respective pix- 

30 el and arranged to bring about energization of the 
respective pixel in response to incoming light and 
sensing means (SA.RS) for sensing an output from 
said light sensitive means (D,BP) so as to identify 
which of said plurality of pixels is to be energized, 

35 characterized in that said photodiode means com- 
prise diode means arranged to drive said display. 



Apparatus according to claim 1 , characterized in 
that said photodiode means comprise bilateral di- 
ode pairs. 



3. Apparatus according to claim 2, characterized in 
that said bilateral diode pairs comprise the collec- 
tors and emitters of respective phototransistors. 

4. Apparatus according to claims 2 or 3, characterized 
in that one diode of said pair of bilateral diodes 
charges a capacitor (CP) of a respective pixel dur- 
ing a refreshing cycle. 



5. Apparatus according to any preceding claim, char- 
acterized by scanning means (45) to successively 
apply scanning signals to each of said plurality of 
pixels in order to acquire data from and to refresh 

55 energized pixels. 

6. Apparatus according to claim 5, characterized in 
that said data acquisition and data refreshing are 
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carried out in a single scanning step. 

7. Apparatus according to any preceding claim, char- 
acterized by optical filter means in operative rela- 
tionship with said light sensitive means (D,BP). 



Revendications 

1. Un appareil afficheur a cristaux liquides compre- 
nant une plurality de points d'image formant un 
6cran de visualisation et un moyen (D, BP) pour ex- 
citer selectivement lesdits points d'image de fagon 
a fournir une image sur ledit ecran, ledit moyen (D, 
BP) pour exciter lesdits points d'image comportant 
une plurality de moyens photosensibles (D, BP) 
comprenant des moyens photodiodes chacun as- 
socie a un point d'image respecti! et arrange pour 
provoquer I'excitation du point d'image respectif en 
reponse a la lurniere entrante et un moyen de cap- 
tage (SA, RS) pour capter une sortie desdits 
moyens photosensibles (D, BP) de fagon a identifier 
lequel de ladite plurality de points d'image doit etre 
excite, caracterise en ce que lesdits moyens pho- 
todiodes comprennent des moyens diodes arran- 
ges pour alimenter ledit ecran. 

2. Un appareil conformement a la revendication 1 , ca- 
racterise* en ce que lesdits moyens photodiodes 
comprennent des paires de diodes bilaterales. 

3. Un appareil conformement a la revendication 2, ca- 
racterise en ce que lesdites paires de diodes bila- 
terales comprennent les collecteurs et les 6met- 
teurs de phototransistors respectifs. 

4. Un appareil conform6ment aux revendications 2 ou 
3, caracterise en ce qu'une diode de ladite paire de 
diodes bilaterales charge un condensateur (CP) 
d'un point d'image respectif pendant un cycle de ra- 
fraichissement. 

5. Un appareil conformement a toute revendication 
pr6c§dente, caracterise par un moyen de balayage 
(45) pour appliquer successivement des signaux de 
balayage a chacun de ladite plurality de points 
d'image afin d'acqu6rir des donnSes des points 
d'image excites et de rafralchir ces derniers. 

6. Un appareil conform6ment a la revendication 5, ca- 
racterise en ce que lesdits acquisition des donndes 
et rafraichissement des donn6es sont r6atis6s en 
une seule etape de balayage. 

7. Un appareil conformement a toute revendication 
pr6c6dente, caracterise par un moyen filtre optique 
dans un rapport operant avec lesdits moyens pho- 
tosensibles (D, BP). 



Patentanspruche 

1. Flussigkristall-Anzeigevorrichtung, die eine Viel- 
zahl von Bildpunkten, die einen Anzeigeschirm bil- 

s den, und eine Einrichtung (D, BP) zum wahlweisen 
Aktivieren der Bildpunkte, so daft ein Bild auf der 
Anzeige bereitgestellt wird, aufweist, wobei die Ein- 
richtung (D, BP) zum Aktivieren der Bildpunkte eine 
Vielzahl lichtempfindlicher Einrichtungen (D, BP), 

to die eine Photodiodeneinrichtung aufweisen, die je- 
de einem entsprechenden Bildpunkt zugeordnet 
und zum Hervorbringen einer Aktivierung des ent- 
sprechenden Bildpunkts in Erwiderung auf herein- 
kommendes Licht angeordnet sind, und eine Erfas- 
sungseinrichtung (SA, RS) zum Erfassen eines 
Ausgangswerts von der lichtempfindlichen Einrich- 
tung (D, BP) zum Erkennen, welcher aus der Viel- 
zahl von Bildpunkten zu aktivieren ist, umfaGt, 
dadurch gekennzeichnet, daf3 

20 die Photodiodeneinrichtung eine Diodeneinrich- 
tung aufweist, die zum Treiben der Anzeige ange- 
ordnet ist. 

2. Vorrichtung nach Anspruch 1, dadurch gekenn- 
25 zeichnet, daG die Photodiodeneinrichtung zweisei- 

tig gerichtete Diodenpaare aufweist. 

3. Vorrichtung nach Anspruch 2, dadurch gekenn- 
zeichnet, daG die zweiseitig gerichteten Dioden- 

30 paare die Kollektoren und Emitter entsprechender 
Phototransistoren aufweisen. 

4. Vorrichtung nach Anspruch 2 oder 3, dadurch ge- 
kennzeichnet, daG eine Diode des Paars zweiseitig 

3S gerichteter Dioden einen Kondensator (CP) eines 
entsprechenden Bildpunkts wahrend eines Auf- 
frischzyklus ladt. 

5. Vorrichtung nach einem vorhergehenden An- 
40 spruch, gekennzeichnet durch eine Abtasteinrich- 

tung (45) zum aufeinanderfolgenden Anlegen von 
Abtastsignalen an jedem der Vielzahl von Bildpunk- 
ten zum Erfassen von Daten von aktivierten Bild- 
punkten und zum Auffrischen von diesen. 

45 

6. Vorrichtung nach Anspruch 5, dadurch gekenn- 
zeichnet, daG die Datenerfassung und das Daten- 
auffrischen in einem einzelnen Abtastschritt ausge- 
fuhrt werden. 

so 

7. Vorrichtung nach einem vorhergehenden An- 
spruch, gekennzeichnet durch eine optische Fitter- 
einrichtung in Betriebsbeziehung mit der lichtemp- 
findlichen Einrichtung (D, BP). 

55 
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